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Background Obstructive airways disease in aluminium potroom workers has been recognised for over 50 years. There is still controversy about whether this is true occupational asthma. Methods A cross sectional survey of 379 potroom workers identified 26 subjects with symptoms suggestive of occupational asthma. Of these 26, 14 were considered by the plant physician to have occupational asthma and had a measurable PC20 methacholine (provocative concentration causing a 20% fall in FEV,). These 14 were further investigated by serial measurements ofpeak flow at home and work, symptom diaries, and measurements of methacholine reactivity before and after a three week holiday. Results There was a good correlation between daily symptom scores and minimum peak flow measurements; these showed changes characteristic of occupational asthma in 10 workers, with increased diurnal variation in peak flow and consistent deterioration in relation to work exposure. One further record showed probable occupational asthma and two showed consistent small changes in peak flow related to work exposure more in keeping with an irritant effect. Only one record was inadequate. Methacholine reactivity on a work day was within the normal range in nine of 13 subjects. A doubling ofPC20 methacholine occurred in five of nine subjects with occupational asthma in whom repeated estimations were possible. Conclusions This study confirms the existence of aluminium potroom asthma. The lack of correlation with measurements ofnon-specific responsiveness suggests that the primary mechanism is one of hypersensitivity, perhaps enhanced by the bronchial irritants also present in the potroom.
Aluminium is produced by electrolytic reduction of alumina (aluminium oxide). The 
Methods
The study took place in a small town of 6000 inhabitants in western Norway. The smelter employed 50% of the local workforce. Medical examinations before employment excluded those who had had asthma since adolescence and those with an FEV, below 80% predicted.
The smelter had three potroom departments with separate workers. There was one S0der-berg pot, one prebake pot with automatic alumina delivery (without the need to lift the pot covers) and one prebake pot with alumina delivery from a circulating vehicle. Table 1 shows the mean levels of exposure and the jobs of the study population. The records were plotted and we accepted a diurnal variation in PEF of more than 15% as indicative of asthma.7 The criteria for definite occupational asthma were subjective, as proposed by Burge.6 They included characteristic peak flow patterns with deterioration of PEF in work periods and improvement on holiday or rest days.6 Mean peak flow on work days was compared with that on unexposed days.
RECORDING OF SYMPTOMS
Dyspnoea, wheeze, and cough were recorded every day, 6-8 hours after the shift or in the evenings during unexposed periods, and graded from 0 to 3. The daily symptom score was computed by simple addition ofeach score.
BRONCHIAL RESPONSIVENESS
Subjects were asked not to smoke in the two hours before their appointment and to use an inhaled bronchodilator within six hours. Responsiveness to metacholine was measured before and after the holiday period, as des- Peak flow measurements did not show a consistent pattern of deterioration on each work day but deterioration did occur on some work days, suggesting that exposure was significantly higher on some days. However, most of the records showed progressive daily deterioration, with recovery taking several days after exposure stopped (fig 1) . This pattern is usually seen in situations where sensitisation is thought to occur, as with exposure to colophony and isocyanate.34 No records showed a maximal reaction on the first workday, as occurs in metal fume fever, cotton workers, and some workers exposed to microbiological aerosols. ' Two workers showed a diurnal variation in peak flow within the normal range ( < 15%) and only a qmall fall on work days, which might be interpreted as an irritant effect or the result of very low exposure in a sensitised worker. This pattern has been reported in workers with severe occupational asthma after prolonged exposure,6 but the lack of improvement in PEF during a three week holiday does not favour this hypothesis. The existence of a small irritant effect superimposed on pre-existing airways obstruction is less likely because of the lack of appreciable methacholine reactivity. These small changes may have been due to very low exposure as one subject worked in an persulphates.'6 The work related changes seen in our study are therefore all the more impressive. Potroom fumes contain sulphur dioxide and hydrogen fluoride, known respiratory irritants that many believe are the cause of disease in exposed workers.2"7 There is some evidence that the effects of irritants alone may be sufficient to induce work related asthma.'8 It is also likely that the irritants present are working synergistically with sensitisers, as yet not clearly defined. Evidence is growing that the irritant effects of cigarette smoke increase absorption of workroom dusts (for example in electroplate workers), increase IgE sensitisation (for example in acid anhydride workers), '9 and increase occupational asthma (for example in platinum refiners20 and electronics workers exposed to colophony).2" The combination of an irritant and a sensitiser is therefore optimal for causing occupational asthma.
Responsiveness to methacholine was within the normal range in seven of the 10 subjects diagnosed as having occupational asthma. Some investigators require hyperresponsiveness before asthma can be diagnosed. However, hyperresponsiveness is usually not a feature of immediate asthmatic reactions and is variable in late asthmatic reactions, being related mostly to increased dose of allergen.22 The lack of severe reactions in our study is likely to explain the lack of hyperresponsiveness in some workers. Nevertheless, at least a doubling in responsiveness occurred in six of 11 workers with paired readings before and after a three week holiday, though one worker was less responsive after the holiday. Methacholine reactivity was measured in the original cross sectional study of this workforce.9 A correlation was found between symptoms and hyperresponsiveness, but many symptomatic workers had no demonstrable hyperresponsiveness. If In those days, Comroe was in his mid 40s, a small man with a slow drawling voice, a mischievous glint in his eye, and a wry sense of humour. I believe that the secret of his success with scientifically illiterate clinicians like myself was his unique ability to translate complex physiological concepts into simple terms. His classical monograph The Lung was a model of clarity, and in his famous "Retrospectroscope" series in the American Review of Respiratory Diseases he emphasised the fundamental simplicity of many of the great advances in respiratory medicine. He rejected technical jargon and, in this respect, was especially critical ofhis fellow physiologists. He told me how, in the last war, the American forces used Navajo Indians as signallers because their obscure language was incomprehensible to the enemy. In the next war, said Comroe, they'll use respiratory physiologists. When one of his senior staff had given a 40 minute seminar on ventilationperfusion relationships, covering the blackboard with a multitude of symbols and equations, Comroe rose from his seat, slowly cleared the blackboard, then handed back the chalk to the speaker with the words: "Now, let's have it in English." Comroe was intolerant of shoddy and careless presentations. When he was chairing a symposium one of the contributors, who had gone well over his time by showing an excessive number of indecipherable slides, was delaying matters still further by making the projectionist seek out a missing slide. Comroe stepped forward, drew a small package from his pocket, and held it out to the speaker saying: "I've got a slide. Will this do?"
The humour, the simplicity, and the wisdom of Comroe is well summarised in his now famous definition of a "normal subject." A normal subject, said Comroe, is one who has not been properly investigated.
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